Investigation of the chemistry of the bacterial cell wall has been retarded by lack of suitable methods. The results of immunological investigations have suggested that in some organisms its structure is complex, with successive layers of different antigens. Another approach has been through the extraction of whole-cell preparations with organic solvents. Morgan & Partridge (1940) and Freeman, Challinor & Wilson (1940) have extracted polysaccharide-protein complexes from certain Gramnegative bacteria. These substances accounted for about 10 % of the whole cell and were believed on immunological evidence to comprise the outer layers. Henry & Stacey (1946) extracted Grampositive bacteria with bile salt and obtained a magnesium ribonucleate which they considered to be a surface component and responsible for the retention of the Gram stain. Caution must be exercised in interpreting the results of these extraction experiments since it is difficult to establish from which part of the cell the extracted material has come. Curran & Evans (1942) and King & Alexander (1948) killed bacteria by prolonged shaking with rninute glass beads. Dawson (1949) showed that this treatment ruptures the cell wall and allows the contents to escape, leaving the empty shell more or less intact. This seemed to offer the possibility of separating cell walls for chemical study. Salton & Home (1951 a, b) separated cell-wall material by this method, and also by heat treatment and by treatment with alkali. More recently, Salton (1952a) has found that the cell wall of Streptococcw8 faecali8 is composed of a protein-polysaccharide complex, similar, perhaps, to those obtained by extraction methods from the Gram-negative bacteria (Morgan & Partridge, 1940; Freeman et al. 1940) . He suggests that mucoproteins may be important components of bacterial cell walls. Salton (1952 b) finds that the lipid content of Grampositive cell walls is low (1-2 %) compared with that of Gram-negatives (20 %), and there are also differences in the amino acids of the protein component. Mitchell & Moyle (1951) find that threequarters of the cell-wall material of Micrococcus pyogene8 is accounted for by a glycerophosphoprotein complex which they regard as being probably characteristic of Gram-positive types. Holdsworth (1952) After shaking, the disintegrated material was poured through a coarse (grade 1) sintered-glass filter, which separated off the Ballotini. The Ballotini were then washed on the filter with 5 ml. lots of water until the runnings were quite clear. The total volume (material plus washings) was now 30-40 ml. Harvesting and disintegration was a full day's work and the material was frozen solid at this stage and left overnight. After thawing, the disintegrate was centrifuged for 10-15 min. at 10000 rev./min. (14000 xg) to yield an almost clear supernatant. This was carefully decanted off and the insoluble fraction was resuspended in 15-20 ml. water with very thorough shaking, and recentrifuged. This washing procedure was carried out three times: the absence of any frothing in the supernatant then showed that no more soluble protein material was being washed out. The washings were combined with the original supernatant and made up to 100 ml. This was the 'soluble fraction' ofthe cell. The insoluble material was suspended in 20 ml. water and a homogeneous suspension obtained by vigorous mechanical shaking. Any extraneous matter was removed by passing through a coarse sintered-glass filter, and the filter washed, and the runnings made up to a total volume of 25 ml. This was the 'insoluble fraction'. During all centrifuging procedures the centrifuge cups were sealed with Sellotape: otherwise sufficient foreign matter found its way in to cause serious errors.
Analytical methods Dry weight. This was determined by freeze-drying a suitable sample (5 ml. insoluble or 25 ml. soluble fraction).
Ash content. A suitable volume of the solution or suspension was freeze-dried in a nickel crucible and incinerated at 6000 in an electric muffle furnace. Errors in ash content arising from abrasion of the beads were small. In one experiment 490 mg. (dry weight) of organism yielded 42-5 mg. ash before disintegration, 43 mg. after treatment. The increase in ash content was thus within the experimental error of determination. On the other hand, very serious errors in ash content may arise if the centrifuge cups are not covered during centrifugation.
Total nitrogen by Kjeldahl. The incineration technique of Chibnall, Rees & Williams (1943) and the distillation apparatus of Markham (1942) were used.
Phosphate. Phosphate was determined by the method of Berenblum & Chain (1938) .
Hexose and pentose. These were estimated simultaneously by the differential colorimetric method of Fernell & King (1953) .
Deoxypentose. This was determined by Dische's (1930) method. The reaction could not be carried out with deeply coloured materials such as the insoluble fraction of P8. aeruginosa. The insoluble fractions of other organisms also gave trouble on account of turbidity. This was overcome as follows. The material was heated with the Dische reagent in the usual way, and then filtered through a very thin layer of washed talc supported on a fine (5/3) sintered-glass filter. The talc did not remove any of the colour, nor were the fine particles filtered off by the talc coloured. As no deoxyribose was available for use as a standard, a commercial sample of thymus nucleic acid was used; it gave correct analytical figures for N and P, and was free of pentose. This was convenient, since it was assumed that the deoxyribose presentwould be in the form of deoxyribonucleic acid (DNA), and results are expressed in terms of DNA.
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SOLUBLE AND INSOLUBLE FRACTIONS OF BACTERIA
The ash content of the soluble fraction is higher in the Gram-positive than in the Gram-negative organisms. In all cases the soluble fraction is richer in phosphorus than the insoluble fraction.
Carbohydrates
The pentose content is higher, usually much higher, in the soluble fraction. This is probably due to the very low nucleic acid content of the insoluble material. Owing to the stability of the pyrimidine nucleotides to acid hydrolysis (Schneider, 1945) only 45 % of the ribonucleic acid pentose will be estimated. In the soluble fraction which has a high nucleic acid content, the figures given may be only half the true value. The precise correction to be applied cannot be stated since no detailed analysis of the nucleic acids was made. 'Pentose' does not include deoxypentose. Amino sugars do not assay in the methods used.
Holdsworth (1952) found 2-0% pentose in the soluble fraction of C. diphtheriae and 9-7 % in the insoluble fraction, but the cell wall of this organism contains a polysaccharide with an arabinose unit. The three Gram-positives are relatively poor in deoxypentose, especially in the insoluble fraction.
Nucleic acid Data are given for the soluble fraction only. Absorption spectra of both fractions were examined in all cases. In the insoluble fractions scattering was high and the photometer reading increased rapidly as wavelength decreased, with either no detectable break in the curve at 260 m,. or at most only a slight inflexion. Even when scattering is reduced by hydrolysis with acid, the spectra still suggest that no appreciable amounts of nucleic acid are present. This is in agreement with Salton & Home's (1951b) gave absorption spectra characteristic of nucleic acid. Fig. 1 gives the curves obtained with B. subtil?s and E8ch. coli; the other organisms gave curves similar in form but differing in the height of the 260 m,u. peak.
Effect of medium
The composition of a bacterial cell may be much influenced by the medium in which it is grown. No detailed investigations were made of the relative effect of the medium on the two fractions, but in one experiment we compared the composition of the fractions from cultures of B. subtilis and E8ch. coli grown both on our standard glucose-agar medium, and on a similar medium without glucose.
The results (Table 3) show that on the whole the soluble fraction is more affected by this change in the medium. (1951) found less than 1 % ofcells ofM. pyogenes intact. These authors all used the Mickle disintegrator with a higher speed but a much shorter stroke than our shaker. Previous work (King & Alexander, 1948) pyogenes, an organism whose insoluble fraction is exceptionally rich in phosphorus. Holdsworth (1952) found that 45 % of the cell wall of the Grampositive C. diphtheriae consisted of an oligosaccharide-protein complex. The mucoprotein described by Salton (1952a) in Strep. faecati8, like the similar substances from Gram-negative types (Morgan & Partridge, 1940; Freeman et al. 1940) cannot be the main cell-wall component as it accounts for less than 10 % of the whole cell. 
